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It  has  been  long  suspected  that  toxins play an  important  part in 
peritonitis.  Clinical  and  experimental  observers have  noticed  signs 
and  symptoms  believed  to  be  due  to  absorption  of  toxic  material. 
This toxic state is said to be present before the evident onset of peri- 
tonitis and also during the course of the disease.  However, no proof 
of actual absorption of any toxic substance from the peritoneal cavity 
in peritonitis has been demonstrated so far. 
Wegner (1),  1876, injected bacteria into the peritoneal cavity of animals and 
found that death occurred within a few hours and  before any signs of peritonitis 
became apparent.  Pawlowsky  (2),  1887, and  others repeated  Wegner's experi- 
ments with similar results.  In the following two decades this phase of peritonitis 
received no additional important contribution. 
Smith and TenBroeck (3), 1915, demonstrated a soluble toxic substance of fowl 
typhoid bacillus and Ecker (4), 1917, showed a similar  substance in the cultures 
of the paratyphoid bacillus.  Antisera against some members of the colon-typhoid 
group  (paratyphoid,  enteritidis,  suipeslifer)  were  demonstrated  by Ecker  (4), 
Branham (5), and Ecker and Richardson (6). 
A soluble toxic substance from young cultures of B. coli was demonstrated by 
Aronovitch (7), 1920, Zinsser  (8),  1920, Branham (5), 1925.  Evidence supplied 
by these workers makes it appear that the toxic substance is not an endotoxin or 
a split-product of the culture medium but belongs rather to the groupof exotoxins. 
Zinsser (8) expressed doubt as to the specificity of this toxic substance elaborated 
by the colon bacillus.  None of these workers succeeded in producing an antiserum 
against the soluble toxic substance of B. coll. 
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Injection  of a  Centrifugalized  and Heated  Culture  of B.  coli into  the 
Peritoneal Cavity of Rabbits. 
18 to 24 hour cultures of colon badllus were injected into the peri- 
toneal cavity of rabbits.  The animals died in from 4 to 5 hours and 
showed only a slight degree of hyperemia of the peritoneum.  In order 
to  determine whether the  soluble  toxic substance produced by the 
TABLE  I. 
Intraperitoneal  Injection of 30 Cc. of Centrifugalized and Heated B. coli Culture. 
No. of rabbit.  Weight.  Time of death  after injection.  Symptoms. 
g~. 
2000 
1720 
1920 
1990 
1450 
1490 
hrs. 
8~ 
8½ 
9 
9 
10½ 
In 1-1½ hrs. weakness of hind legs, increased 
respiration.  In 2-3 hrs. prostration.  In 
6-7 hrs. the animal is lying on  his  side 
breathing  stertorously.  Death follows. 
~,  cc 
TABLE  II. 
Intraperitoneal Injection of 30 Co. of Sterile Broth. 
No. of rabbit.  Weight.  Death or survival.  Symptoms. 
7 
8 
9 
10 
gm. 
1820 
1700 
1540 
1770 
Survived.  None. 
gc 
young cultures of B. coli was responsible  for the death of the animals, 
the toxin-bearing part of the culture was separated. 
B. coli (Culture 300) isolated from the blood of a  patient was grown on a 0.3 
per cent Liebig meat extract broth (1 per cent Difco peptone; 0.5 per cent NaC1; 
pH 7.4) for 18 to 24 hours.  The broth culture was then centrifugalized at high 
speed for 2 hours.  The supernatant fluid was poured off and heated for ½  hour at 
60°C.  Subsequent cultures of  the supernatant fluid were  sterile.  Each  of six BERN'HARD STEINBERG  AND  E.  E.  ECKER  445 
rabbits was injected intraperitoneally  with 30 cc. of the centrifugalized and heated 
broth culture.  After an incubation  period varying from 1 to 1½ hours the animals 
showed weakness; in 2 to 3 hours prostration; between the 6th and 7th hours they 
were lying on the side and unable to rise and had stertorous respiration.  Death 
ensued in 8~ to 10½ hours.  The necropsy revealed only hyperemia of the visceral 
and parietal peritoneum and a little red-tinged cloudy free fluid. 
Some  of  the  preliminary  experiments showed  that  the  tome  sub- 
stance  is  produced  as  early  as  the  6th  hour  of  bacterial  growth. 
TABLE  III. 
Production of an Antiserum by Weekly Injections. 
No. of 
rabbiL  Weight. 
11  1740 
12  1920 
13  1800 
14  2170 
15  1570 
16  1680 
No. of 
injections. 
6 
6 
12 
2 
I0 
7 
Outcome. 
K~ed. 
Died. 
Killed. 
Died. 
Remarks. 
Lost 36 gm.; very thin. 
"  45  "  "  " 
"  46  "  hind legs paralyzed. 
Pneumonia with empyema. 
Lost 21 gin.; very thin. 
Necropsy did not reveal the cause of death. 
TABLE  IV. 
Production of an Antiserum by Biweekly Injections. 
No. of  ~  Weight.  Outcome.  Remarks.  rabbit.  I 
17 
18 
19 
20 
21 
22 
2120 
1980 
1920 
2650 
3500 
2270 
No. of 
injections. 
10 
7 
5 
10 
10 
10 
Killed.  Lost 39 gin.; very thin and weak. 
Paralysis of hind legs; weakness; paralysis of 
anal sphincter. 
Difficult breathing; weakness. 
Lost 21 gin.; slight weakness. 
"  32  " 
"  17  " 
Four rabbits were injected intraperitoneaUy  with 30 cc. of a sterile meat extract 
broth.  The animals showed no demonstrable symptoms and all survived. 
Production  of  an  Antiserum  against  the  Soluble  Toxic  Substance  of 
B.  coll. 
B. coli  (Culture 300)  was grown for  18 to 24 hours in a  meat extract broth, 
centrifugalized for 2 hours, and the  supernatant fluid immediately injected into 446  ANTISERUM  AGAINST BACILLUS COLI 
the marginal vein of a rabbit.  Twelve rabbits were divided into two groups, six 
animals in each group.  One group was given weekly intravenous injections, the 
other biweekly.  The initial dose varied from 0.5 to 1.0 cc. with a weekly increase 
of 1.0 cc. up to 10.0 so that at the tenth injection some were getting 9.5 cc. and 
others 10.0 cc.  The maximum total volume that an animal received aggregated 
75 cc. in 12 weeks. 
Out of twelve animals two died; one had bronchopneurnonia and in the other 
no anatomical lesions were found.  The surviving animals showed a slight loss in 
weight and a perceptible weakness; two rabbits had a paralysis of the hind ex- 
tremities. 
The animals were bled aseptically and the serum tested against a known lethal 
dose for white rats of an 18 hour whole broth culture of B. coll.  It was found that 
5 cc. of the 18 hour broth culture of B. coli (No. 300) killed a white rat in 8 hours. 
3 cc. of the antiserum were incubated for 1 hour with 5 cc. of the B. coli broth 
culture and injected into the peritoneal cavity of a white rat.  The animal sur- 
vived.  The serum of the animal which received six injections and the one which 
received twelve injections were tested but no difference  in potency could be dis- 
covered.  Tested in a  rabbit it was found that  10 cc. of the antiserum injected 
intravenously  were required to protect against 30 cc. of an 18 hour broth culture of 
B. coli given intraperitoneally. 
The agglutinating titer of the antiserum against B. coli was determined to be 
1:50. 
Injection of Antiserum in Rabbits with B. coli Peritonitis. 
Nine rabbits varying in weight from 1740 to 2270 gm. received each an intra- 
peritoneal injection of 25 cc. of an 18 hour broth culture of B. coli (No. 300).  The 
animals evinced no signs of illness for 1 to 1½ hours.  At the end of that time they 
stopped eating, became weak, and showed an increased respiratory rate.  Those 
animals that died in 2 hours rapidly became weaker and prostrated, dying with a 
few twitchings and generalized spasms.  The peritoneum was hyperemic and the 
cavity contained some free cloudy yellow fluid that gave an abundant growth of 
B. coll.  The animals that did not succumb for 2 and 3 hours longer presented a 
similar set of symptoms.  There was a  more marked inflammation in the peri- 
toneal cavity of the latter animals.  A culture from the peritoneal fluid gave an 
abundant growth of B. coli. 
The dose of the B. coli culture given was five times the usual lethal 
dose for a  rabbit.  It was found that 5  cc. killed in 12 hours a  rabbit 
weighing 1900  gm.  However,  owing to  the  individual variation of 
the animals it was deemed advisable to multiply the dose at least five 
times to insure a  lethal effect. 
Nine rabbits varying in weight from 1720 to 2520 gin. were  each given intra- 
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suspension  that  was  used  in  the nine  rabbits in Table V).  Immediately  after 
the intraperitoneal  injection  each  animal  received  intravenously  10  cc.  of  the 
antiserum. 
Another group of three rabbits was given similar intraperitoneal doses of  the 
B. coli broth culture but the intravenous injection of the antiserum was  withheld 
for ½ hour to allow for a  considerable absorption of the toxic substance. 
TABLE  V. 
Intraperitoneal Injection of 25 Cc. of an 18 Hour B. coli Broth Culture. 
No. of 
rabbit.  We~ht. 
23  2570 
24  1740 
25  2270 
26  1980 
27  1950 
28  1920 
29  2140 
30  2120 
31  2020 
Outcome. 
Died in 1] hrs. 
....  I~  " 
....  15  " 
"  "  2  " 
"  "  4  " 
....  35  " 
"  "  1½  " 
....  1~  " 
Remarks. 
All rabbits showed an incubation period of 1 
-1½ hrs. at the end of which the respiration 
became  increased,  there  was  apparent 
weakness,  the  animals lay  flaccid,  death 
coming on  with a  few  spasms.  The in- 
testines in two-thirds of the animals were 
ballooned out. 
TABLE  VI. 
Intraperitoneal Injection of 25 Cc. of B. col½ Broth Culture and Intravenous Injection 
of the Antiserum. 
No. of  rabbit.  Outcome.  Remarks.  Weight. 
gm, 
32  2520 
33  2100 
34  2250 
35  2020 
36  1720 
37  2190 
38  1800 
39  1980 
40  2000 
Survived. 
Died in 8 hrs. 
Survived. 
Died in 8-10 hrs. 
Survived. 
~c 
The animals in  1-1½ hrs.  after injection 
were listless, did not eat, but otherwise 
showed  no  ill  effect.  In  6  hrs.  they 
were  apparently  well.  The  two  rab- 
bits that died did not present the symp- 
toms observed in animals in Table V. 
In the first group of nine rabbits seven survived; in the second group all  sur- 
vlved.  In 1  to 1½ hours the animals that survived in both groups became some- 
what listless and  stopped  eating but 6  hours later  showed  no  further  signs  of 
discomfort. 
Two animals in the first group died in 8  to  10 hours after the  intraperitoneal 448  ANTISERUM:  AGAINST  BACILLUS  COLI 
injection.  However,  they did not show  the marked weakness with  prostration 
that was observed in the rabbits of Table  V.  The peritoneal cavity of these two 
rabbits showed a mild inflammation and a culture from the peritoneal fluid gave an 
abundant growth of B. coll. 
TABLE  VII. 
Intraperitoneal Injection of 25 Cc.  of an 18 Hour B. coli Broth Culture and Intra- 
venous Injection of Antiserum ½ Hour Later. 
No. of rabbit.  Weight.  Outcome.  Remarks. 
gm. 
41  2020  Survived.  The animals showed the same symptoms 
42  1950  "  as those in Table VI. 
43  1850  " 
TABLE  VIII. 
Intraperitoneal Injection of 25 Cc. of B. coli Broth Culture and Intravenous Injection 
of 10 Cc. of Normal Serum. 
No. of rabbit.  Weight.  Outcome.  Remarks. 
44 
45 
46 
47 
48 
1750 
2190 
2050 
1800 
1960 
Died in 2  hrs. 
....  1~ " 
....  23  " 
....  4½  " 
....  4½ " 
The animals showed the same symp- 
toms as those in Table V. 
TABLE  IX. 
Intraperitoneal Injection of 25 Cc. of B. coli Broth Culture and Intravenous Injection 
of 10 Cc. of Agglutinating Serum. 
No. of rabbit.  Weight.  Outcome.  Remarks. 
49 
50 
51 
52 
gm. 
1650 
2240 
1900 
1900 
Died in 33 hrs. 
"  "  6  " 
The animals showed the same symp- 
toms as those in Table V. 
Five  rabbits  were  each  given  an  intraperitoneal injection of  25  cc.  of  the 
B.  coli  broth  culture.  Immediately  after,  each  animal  received  intravenously 
10 cc. of normal rabbit serum.  All the animals succumbed in from 1¼ to 4½  hours 
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An agglutinating serum against washed B. coli was produced with  an aggluti- 
nating titer of 1 : 1800.  Four rabbits were given each intraperitoneally 25 cc. of the 
B. coli broth culture and immediately after 10 cc. of the B. coli agglutinating serum 
intravenously.  The four rabbits succumbed in 3  to 6 hours after the intraperi- 
toneal injection with a similar trend of symptoms as described for the group in 
Table V.  Cultures of the peritoneal fluid gave an abundant growth of B. coli. 
Production  of a  Serofibrinous  Peritonitis in Rabbits  by Intraperitoneal 
Injection of 6 Hour Cultures of B. coll. 
When rabbits were injected intraperitoneally with  18 to 24 hour cultures of 
B. coli, the peritoneum revealed only a  hyperemia.  Three rabbits were given 
intraperitoneally 30 cc. of a 6 hour culture of B. coll.  Two animals died 24 hours 
later,  the  third  one  survived.  The  rabbits  that  succumbed showed  grossly a 
fibrinous  exudate on the visceral and parietal peritoneum and diaphragm with a 
little cloudy free yellow fluid in the peritoneal cavity.  A microscopic examination 
of the peritoneum revealed a moderate amount of fibrin on the serous surface,  an 
inflammatory edema, and an exudation of polymorphonuclear leucocytes. 
The rabbit that survived was sacrificed  48 hours after the intraperitoneal in- 
jection.  The peritoneal cavity of that animal revealed nothing abnormal.  Re- 
peated  similar experiments demonstrated  that  30  per cent  of rabbits injected 
with 6 hour broth cultures of B. coli do not show any peritonitis.  Apparently, 
the individual resistance of the animal is an important factor. 
SUM.MARY. 
When colon bacilli in sufficient numbers were injected into the peri- 
toneal cavity of rabbits the animals died within  a  few hours.  There 
was an incubation period of 1 to 1½ hours which was followed by a  set 
of  symptoms that  culminated  in  death.  The  peritqneum,  however, 
showed only very slight changes. 
It  was  thought  that  the  soluble  toxic  substance  of B.  coli  which 
was demonstrated  by Aronovitch,  Zinsser,  and  Branham  may be an 
important  lethal  factor.  Young  cultures  of  B.  coli  in  broth  were 
centrifugalized  and  after killing  the  remaining  bacteria  by heat  the 
supernatant  fluid was injected  into  the  peritoneal  cavity of  rabbits. 
There ensued  the  same set  of symptoms terminating in  death which 
were seen on the injection of the whole culture when the supernatant 
fluid alone was given. 
The potency of the toxic substance is variable.  This variability is 
probably in part inherent in the material and in part depends upon the 
individual resistance of the animals. 450  ANTISERU~ AGAINST BACILLUS COLI 
Rabbits were injected intravenously with the supernatant fluid of 
centrifugalized young cultures of B. coli  and an antiserum was elab- 
orated against the soluble toxic substance of this organism. 
When  this  antiserum  was  given  intravenously to  rabbits  imme- 
diately or  ½  hour  after  receiving  intraperitoneally  five  times  the 
usual lethal dose of B. coli, ten out of twelve animals survived. 
CONCLUSIONS. 
1.  From young cultures of B. coli  (18  to 24 hours)  a  soluble toxic 
substance was obtained and an antiserum against this toxic substance 
was produced. 
2.  The  soluble toxic substance is the principal lethal factor when 
cultures of B. coli are injected into the peritoneal cavity of rabbits. 
3.  Intravenous administration of the antiserum can avert death in 
rabbits  previously injected intraperitoneally with lethal doses of B. 
coll. 
We desire to acknowledge our thanks to Professor H. T. Karsner for 
his helpful criticisms and encouragement in this work. 
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